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(54) Cam mechanism, cam apparatus and mowing machine Incorporating same 

(57) A cam mechanism of the present Invention 
comprises a metal gear (2), and an eccentric cam (3) 
protruding eccentricaDy from at least one of the surface 
and tfie back of said gear (2). the eccentric cam (3) 
being formed tiy half blanking press processing 
whereby the eccentric cam (3) has good cfimensional 
accuracy, and low manufacturing cost A cam apparatus 
and a mmring machine comprising such a cam mecha- 
nism are also disclosed. 





Pftntsd&yXMn(UK) BuslrrassSofvloss 

q ia T aiocnns 



1 



EP102S924A1 



Dascrlinion 

[0001] T^e present invention relates to a cam 
mechanism in whtdi a cam is protruded from the sur- 
face and/br back of a gear, a cam apparatus utiDzing the 5 
«un mechanism, and a mowing machine utilizing the 
cam apparafi^ 

[0002] Conventionally, a cam mechanism for oon- 
varling the circular motion to the redpnx^ng motbn Is 
shown In Rg. 1 A and 1^. IB is known. The cam mech- io 
anism 100. as shown in Hg. 1A, comprises a gear 110 
and a circular cam 120 fixed on the eccentric position of 
the gear 110. Ihe gear 110 tas a central hole 111 
fbrmed ailhe central position, and the circular cam 120 
has an eccentric hole 121 having the same dameter as i3 
the diameter of the central hole 111 at the eccentric 
position. TTie dicular cam 120 plies on the gear 1 10 and 
they are fixed together so that the center of the hole 1 1 1 
Is aligned to the center of the hole 121 . 
[0003] The circular cam 1 20 has two through holes 20 
122 in the appropriate positions, and the gear 110 has 
screw hdes 1 1 2 corresponding to the through holes 
122. Then, as shown in Rg. IB, the circular cam 120 is 
fixed to the gear 1 10 by inserting and screwing screws 
Into the through holes 122 and the screw holes 1 1 2. It 2s 
should be noted that the drcular cam 1 20 may be fixed 
to the gear 1 10 by inserting and screwing caulking nails 
into the through holes 122 and the screw hdes 112 
Instead of using the screws. 

[0004] Thegear 110 is supported by a supporting 30 
shaft 140 after the supporting shaft 140 is sIMaUy 
inserted into the central hole 111 of the gear 110 and 
the eccentric hde 121 of the drcular cam 1 20. The gear 
1 10 engages wHh a driving gear 150, so that the gear 
1 1 0 rotates around the supporting shaft 1 40 by the rota- 
tion of the driving gear 150 around a driving shaft 151 . 
[OOOq As shown in Fig. IB, there a connecting 
rod 160 having a connecting hde 161 slldably fitted on 
the circular cam 120 of the cam mechanism 100. 
Accordingly, as the gear 110 rotates around the sup- 40 
porting shaft 1 40. the rotation Is transmitted to the con- 
necting rod 160 through the ciicular cam 120 eccentric- 
rotating around the supporting shaft 140, so that the 
connecting rod 160 reciprocates in the cOrection shown 
by the arrows In Rg. 1 B. 4S 
[0006] The above-described cam mechanism 100 
is utilized in the various kinds of apparatus which 
require the conversion of the circular motion into the 
reciprocating motion. For example, there are nmving 
machines for gardening disdosed in Japanese P&tent so 
Laid-open Na 64-41249. Japanese Patent Laid-open 
No. 60-137214 and Japanese Patent Ijaid-open Na 56- 

106512. 

[0007] In the conventional cam medianism 100 
shown In Figs. 1A, IB. in order to make a drc^ar cam & 
120 on the gear 110, first the orcularcam120hastobe 
nnnulBctured indivlduaDy which makes the material 
cost and the manufacturing cost higher. 



pnoS] Further, the circular cam 120 is fixed on the 
gear 110 under the complicated steps in which the 
screw hdes 112 are formed in the gear 110 and In 
which the through hdes 122 are formed in the circular 
cam 120 oorresponding to the screw holes 122 and in 
which screws 130 are inserted and screwed into the 
through hol^ 122 and the screw hdes 112. This makes 
the assembling cost higher. 

[OOra] Therefore, it an objed of the present 
Invention to provUe a cam mechanism which can lower 
the manutacturing cost and the assembling cost, and a 
mcMring machine utilalng the cam medianism. 
[OOiq A cam medianim of the present invention 
oomprlses a metal gear, and an eocentric cam pro- 
truded from the eccentric position of at l^et one of the 
surface and the back of the gear. The eccentric cam is 
formed by performing half blanking press processing on 
the gear fn>m the other side of the eccentric cam to be 
formed. 

[001 1 ] The half Nanking press processing is one of 
finebtanHng. 

[0012] The structure d the mold is either a zero 
dearance method in which no dearance exists between 
a blanking hde of a kswer mdd and a punch for blanking 
or a negative dearance method in which the cross sec- 
tion d the punch for blanking Is slightly larger than the 
cross section of the blanking hde. The mold comprises 
a presser having a projection Ibr pressing the material 
to be processed and an inverse presser for pressing the 
material from underneath. The material to be processed 
is pressed up to the half of the thtekness while it is lightly 
held. 

[0013] According to thus formed cam mechanism, 
the eccentric cam has an extremely smooth cut suriiace, 
no shear drop, no burr and the good dimensional accu- 
racy. Therefore, the eocentric cam foncUons suffteientty 
when the circumferential surface slides to other mem- 
ber. EspedaOy. wHh the employment d the negative 
clearance method, the dimensional accuracy d the 
eccentric cam is improved. 

[001 4] Further, the material cost and the processing 
cost are made lower as compared to the case that the 
eccentric cam is fixed to the gear with the screws or 
caulking, which mean that the manufacturing cost is 
lowered. 

[001 Q In the cam mechanism, the eccentric cam 
may be formed at the surface and back of the gear. 
Accordingly, the spur gear can convert the circular 
motion to the reciprocating motion at both surface& 
[0016] Further, the gear may have a shaft hde at 
the central positicn. and the eccentric cams can be 
fionnedin pdnt symmetry with r^ped to the axis d the 
shaft hda Accordingly, a pair d other members can 
reciprorate in phase (Sfference d 180 degrees. 
[0017] Furthermore, the eocentric cam may com- 
prise an insorbed surface inscrbed in a drcular focus 
having a center and a diameter so as to Indude the 
shaft hde, and a concave notdi fbmied by separating 
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an opposing surface which is the opposite side of the 
in8cra)ed surface from the shaft hole by a predeter- 
mined distance. 

[P018] Accordingly; when other vetetvbor having a 
circular hole is fitted on the ec cen tr lu cam, the shaft s 
inserted in the shaft hole of the gear inserted in the 
circular hole, and a space is formed between the shaft 
and the concave portion of the eccentric cam. Tliere- 
fore, the lut}rl(»nt can be filled In the space, so ihat the 
eccentric cam can operate smoothly. 10 
[0919] Further, in the case of the eccentric cams 
farmed on the surface and l)ack of the gear In point sym- 
metry, although each circular locus interferes the other, 
the interference of the eccentric cams of the gear can 
be avoided because of the concave notch. is 
[0020] Furthermore, in the cam mechanism, a cen- 
tral shaft is hserted into the shaft hole, and a sliding ring 
is fitted on the central shaft, and the sliding ring has an 
outer diameter so as to slide on the inner surface of the 
shaft hole. 20 
[0021] Aocordng Id this cam mechanism, since the 
inner surface of other memt)er is In contact with the 
outer surface of the central shaft over the sGding ring 
when other member having a circular hole Is fitted on 
the eccentric cam, the gear rotates around the central 25 
shaft, which makes the crank motion of other meii<)er 
smoother. 

[0022] Further, the eccentric oun may be formed by 
a piuraGty of cam protrusions inscribed in a circular 
locus having a center and a diam^ so as to include 30 
the shaft hole. With the employment of the cam protru- 
sions as the eccentric aim, total aoss section of the 
plurality of protrusions is snuller than the cross section 
of the eccentric cam. TTierelbre, the press pressure of 
tiie half blanking press processing can be made ^ 
smaller, which lowers the energy cost 
[P023] A cam apparatus of the present invention 
comprises one of the above-desalbed cam mechanism 
of the present invention, and an output rod having a slid- 
ing hole at one end to fit sGdably on the eccentric cam. 40 
The gear is connected to the output rod by fating the 
sliding hole on the eccentric cam. 
[0024] According to the cam apparatus, the rotation 
of the gear is converted into the reciprocating motion 
through the eccentric cam and the output rod. 4S 
[0025] A mowirq machine of the present invention 
comprises one of the above-descrS)ed cam mechanism 
of the present invention, and an output rod having a slid* 
ing hole at one end to fit sGdaUy on the eccentric cam, 
to be connected to the output rod when the sliding hole bo 
is fitted on the eccentric cam, and apair of blade mem- 
bers having a piuraOty of mowing blades. The mowing 
blades are pOed up so as to be sDdaUe In the lengthwise 
direction, and at least one of the pair of the blade mem- 
bers is connected to the other end of the output rod. ss 
[0026] Aocordng to the mowing machine, the rota- 
tkm of the gear b converted into the reciprocating 
motion throigh the eccentric cam and the output rod 



and transmitted to the pair of blade ntembers. Then, the 
mowing blades reciprocate in the lengthwise cfirection to 
cutgreer^ 

[P027] In the accompanying drawings: 

Rga 1A and IB are perspective views showing a 
oonventional cam mechan^ for converting the cir- 
cular motion to the reciprocating motkm. 
Rgs. 2A. 2B. 2C are views showing a cam mec^- 
nism according to the first enixxfimant of the 
present invention. Rg. 2A is a perspective view 
thereof Rg. 2B is a plan view thereof. Rg. 2C Is a 
sectional view of Rg. 2B taken along the lines A. 
Rg. 3 Is a sectional view for explaining the half 
blanking press procesQng. 
Rga 4A, 40, 4C, 4D are views showing a method of 
manufacturing the cam mechanic by the half 
blanking press processing. Rg. 4A shows a pierc- 
ing process. Rg. 4B shows a process of half blank- 
ing ta back. Rg. 4C shows a proem of half 
t)lanking of surtaoa Fig. 4D shows the raw Iron 
plate with the spur gear removed after the half 
blanking processed. 

Rgs. 5A. 5B, 5C are views showing a cam appara- 
tus according to the first embodiment of the present 
invention. Rg. 5A is a perspective view thereof. Rg. 
SB is a plan view thereof. Rg. 5C to a sectional view 
of Rg. SB taken along the lines B. 
Figs. 6A. 6B, 6C are views showing a cam appara- 
tus according to the second embodiment of the 
present invention. Rg. 6A is a perspective view 
thereof. Rg. 6B is a plan view thereof. Rg. 6C is a 
sectional view of Rg. SB taken along the lines C. 
Rg. 7 Is a perspective showing a main portion of a 
mowing machine utilizing the cam apparatus of the 
present invention according to one entoiiment of 
the present inventton. 
Rg. 8 is a sectional view of Rg. 7. 
Rga 9A, SB, 9C are views showing a cam mecha- 
nism according to the second embodiment of the 
present invention. Rg. 9A is a perspective view 
thereof Rg. 9B is a plan view thereof. Rg. 9C is a 
sectional view of Fig. 9B taken ak)ng the lines D. 

(002S] TTie prefen'ed emtxxliments of the present 
invention will be desaibed hereinafter with reference to 
the accompanying drawinga In the following description 
and the drawings, the same reference numerals are 
used for the »iiie components and repetitive descrip- 
tion on the same co mp o nente will be omttted. 
[0029] Rga 2A, 2B. 2C sfiow a cam medianism 
according to the first embodiment of the present inven- 
tion. Fig. 2A is a perspective view of the cam mecha- 
nism, and Rg. 2B is a plan view thereof, and Rg. 2C is 
a sectional view thereof taken along the lines A. As 
shown in Rga 2A-2C, the cam mechanism 1 comprises 
a spur gear 2 having a plurality of gear tooth in the pre- 
determined pitch, and a pair of eccentric cams 3 each 
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ruded from the surface and the bade of the 6pur 
gear 2. The spur gear 2 has a shaft hole 21 at the 
center. The inner aiiface of the shaft hda 21 Isslldably 
fitted on a central shaft 5 which will be described later to 
rotatively support the spur gear 2 around the central 5 
tfiaftS. 

[0030] The ec^^ntric cam 3 has an Inscribed sur- 
bce 31 inscrbed in the ciioutar locus having the center 
and diameter set to include the shaft hole 21 . and a sur- 
face facing to the shaft hole 21 that is an opposing sur- w 
face 32 opposing to the surface of the central staft S. 
TTie opposing surface 32 In the present entxxliment is 
formed in the shape of the drojlar arc the center of 
which b the center of the shaft hole 21 , which forms a 
concave notch 33 in order to avoid the interference of is 
the eccentric cams. It should be noted that the shape of 
the concave notch 33 is not limited to the arc. 
[0031] When the central shaft 5 is inserted in the 
shaft hole 21 , the concave notch 33 can be utilized as a 
space for filling the lubricating oil such as grease 20 
between the outer surface of the central shaft 5 and the 
inso-ibed surface 31 of the eccentric cam 3. 
[OOK] In the present embodiment, the eccentric 
cams 3 are formed In the point symmetry wHh reqroct to 
the axis of the shaft hole 21 that is the phase difference 25 
of 1 80 degrees. 

[003^ According to the present invention, the 
eccentric cam 3 is formed by the half blanking press 
processing. Rg. 3 is a sectional view to explain the half 
blanking press processing. The half blanking press so 
processing is one of fine blanking, in the half blanking 
press processing, as shown in Rg. 3, a mM employed 
Is a half blanking mold 9 having a negative dearanoe or 
zero dearance which means that no dearance exists 
between an outer surflace of a punch 93 for half blanking as 
and an Inner surface of a blanking hole 92 of a tower 
moki91. In the half blanking, a presser 95 having a pro- 
jection for pressing a material to be processed (in the 
present embodiment, a raw iion plate 94 for the spur 
gear 2) and an inverse presser 96 for presdng the mate- 40 
rial from underneath are used. Acooidingly, the raw iron 
plate 94 can tigtitiy be held wh9e it is processed to be 
pressed up to the half of the thickness. 
[0034] Therefore, when the raw iron plate 94 is 
processed by the half blanking press processing using 4S 
the half blanking mdd 9. the raw iron plate 94 is pressed 
finely along the blanking hde 92 of the lower moU 91 
since there is no escape In the area to be pressed of the 
raw iron plate 94. Thus formed eccentric cam 3 has an 
extremely smooth cut surface, no shear drop, no burr so 
and the good dimensional accuracy In the above- 
described way. a concave portion 22 which is caved in 
the back of the eccentric cam 3 due to the press of the 
punch 93 is formed at the spur gear 2. 
[0035] Rg& 4A. 4B. 4C. 4D show the process of ss 
manufacture the cam mechanism by the half blanking 
press processing using the raw iron plata Rg. 4A 
shows a pierdrQ process: Fig. 4B. a process of half 



blanking of back; Rg. 4C, a process of tmif 



Of 



gear removed after the half blanking. In F^s. 4A-4D, the 
pbn view is shown in the top and the cross sectional 
view is shown In the bottooL Rrst In the pierdng proc- 
ess, as shown in Rg. 4A, a pair of pierced holes 94a for 
alining are formed at the txith ddes of the belt-shaped 
raw Iron plate 94 by the press machine which Is not 
diown in figure. 

[0036] Next the raw iron plate 94 is moved to the 
right by the predetermined pitch by driving a predeter- 
mined driving maddne. The raw iron plate 94 b aDgned 
based on the pierced hdes 94a by the known method. 
Thereafter, the half blanking press processing is per- 
formed on the back of raw imn plate 94 ua ng a fir^ half 
blanking mold (not ^own) as shown in Rg. 4B. The first 
half blanking mold Is a moU that the punch 93 and the 
inverse presser 96 shown in Rg. 2 are tornied upside 
down. Then, under the process of the half UanUng of 
the bacK the eccentric cam 3 protruded from the sur- 
face which is pressed from the back Is formed on the 
raw iron plate 94. 

POST] After the eccentric cam 3 is formed on the 
surface of the raw Iron plate 94, the raw iron plate 94 Is 
moved to the right by the same pitch as in the previous 
process by driving the driving machina The raw iron 
plate 94 is aligned based on the pia-ced holes 94a. 
Thereafter, as shown in Rg. 4C, the half blanking press 
processing is performed on the suriiace of the raw iron 
plate 94 using a second half blanking mdd which is not 
shown. The second half blanking mold is a mold that the 
punch 93 is provided al the top similar to the one shown 
In Rg. 3. 

[0038] Further, the upper mold used separately 
from the pundi 93 in the present process has a press 
blade corresponding to the tooth d the spur gear 2 and 
a press t)lade oorresponcSng to the shaft hole 21 of the 
spur gear 2. After the punch 93 is i^ed in the half blank- 
ing process, the punch 93 alternates with the upper 
mold to perform the normal press procesa Accordingly 
after the process of half blanking of the surface, as 
shown in Fig. 4C. the spur gear 2 having the pair of the 
eccentric cams 3 Is puD ed out from the raw Iron plate 94 
by the half blanking press processing process and the 
press process with the upper moid. Next, the raw iron 
plate 94 Is moved by one pitch, and then the hde whteh 
is nfBde after the spur gear2 is removed is moved to the 
right as shown in Rg. 4D. 

[0039] In the present embodiment, the raw iron 
plate 94 Is moved by one pitch, and whfle the raw iron 
plate 94 is aligned based on the pierced holes 94a, it is 
processed consecutively in the piercing process, the 
process of half blanking of the back and the process of 
half blanking off the surface. Then, the spur gear 2 hav- 
ing the eccentric cams 3, that Is, the cam mechanism 1 
is manufactured. 

[0040] R^ 5A. 5B. 5C show a cam apparatus 
according to the first embodiment of the present inven- 
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ticn. Rg.SA is a perspective view of the cam apparatus. 
Hg. SB is a plan view thereof. Fig. SC is a cr)SS sec- 
tional view thereof taton along the lines B. As shown In 
Figs. 5A, SB. SC. the cam apparatus 4 is constituted by 
adding a central shaft 5 and an output rod 6 to the cam 
mechanism 1 of the first embocfiment. The diameter of 
the central shaft 5 is set to be sGdaUy Inserted into the 
shaft hole 21 of the spur gear 2. Accordingly; the spur 
gear 2 rotates around the central shaft 5. The central 
shaft 5 is fixed to a predetermined apparatus (not 
shown) which utilizes the cam apparatus 4. 

[0041] The output rod 6 comprises an elongated 
rod body 61 , a circular body end connecting unit 62 pro- 
vided at the body end of the rod body 61 . and a circular 
distal end connecting unit 63 which is smaller than the 
body end connecting unit 62 and which is provided at 
the other end of the rod body 61. The body end connect- 
ing unit 62 has a body end circular hole 62a in which the 
eccentric mm 3 and the central shaft 5 are slidably fit- 
ted. The distal end connecting unit 63 tas a distal end 
circular hole 63a. The detal end circular hole 63a Is to 
connect a predetermined member to perform the redp- 
rocating motion. In the present embodiment the pair of 
the output rocte 6 arefitted to the eccentric cams 3 at the 
surface and back of the spur gear, respectively. 
[0042] Further, in the eccentric cams 3 of the cam 
apparatus, the portions of the bade and surface over- 
lapped each other are fonned as a concave notch 23. 
When the body end circular hole 62a is fitted on the 
eccentric cam 3, the concave notch 33 can be imed as 
a space for filDng the lubricating oil among the opposing 
surface 32 of the eccentric cam 3, the outer surfiace of 
the central shaft 5 and the inner surface of the body end 
circular hole 62a. The eccentric cam 3 and the body end 
connecting unit 62 relatively rotate smoothly by filling 
the lubricating oil such as grease in the f Oling space 34. 
[0043] According to the cam apparatus 4. when the 
spur gear 2 engages with the predetermined driving 
gear, the ^ur gear 2 rotates around the central shaft S 
by driving the driving gear. Then, the output rod 6 recip- 
rocates by the rotation of the spur gear 2, so that the 
predetermined member connected to the distal end 
connecting unit 63 reciprocates. 
[0044] Rgs. 6A, 6B. 6C show a cam apparatus 
according to the second embodiment of the present 
Invention. Rg.6A is a perspective view of the cam appa- 
ratus. Rg. 6B is a plain view thereof. Fig. 6C is a cross 
sectional view thereof taken along the lines C. As shown 

in Rgs. 6A, 6B, 6C. in the cam apparatus 4a of the sec- 
ond embodiment there Is a sliding ring 51 Is slidably fit- 
ted on the central shaft S. The diameter of the central 
shaft 5 is set so that the inner surface of the body end 
circular hole 62a of ttie output rod 6 Is slldaUe at the 
outer surface of the sliding ring 51 . The other constitu- 
tion of ttie cam mechanism 4a Is the same as the cam 
mechantem 4 of the first embodiment 
[0045] According to the cam medianism 4a of the 
second emtxxiiment when the eccentric cam 3 rotates 
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around the central staff 5 to perform the crank motion, 
since the sfiding ring 51 rotates around the central shaft 
5. ttie crank motion of the output rod 6 can ^noothiy be 
perfonned. 

[0046] Fig. 7 is a perspective view showing a main 
part of a mowing madiine utilizing the above-descrOsed 
cam apparatus according to one embodiment of the 
pr^ent invention. Rg. 8 is a sectional view of Fig. 7. 
Rg. 7 shows the back of the mowing machine upward 
and Rg. 8 shows the bsdK of the mowing machine 
downward. In the present embodiment the cam appa- 
rati^ 4 of ttie first emtxxiiment te utiDzed. In Rgs. 7 and 
8, the mowing machine 7 comprises a casing 71 con- 
taining the cam apparatus 4, a cover 72 plaoed at the 
bottom of the body for dosing the opening of the casing 
71 , a pair of blades that are mowing blade members and 
Itiat are connected to the cam apparatus 4 In the casing 
71, and a driving mechanism which is not shown. 
[0047] TTie casing 71 has the combined shape of 
drde and the square At the circular portion, there is a 
cam mechanbm storage 71a in which the cam mecha- 
nism 1 B installed. At the square portion next to the cam 
mechanism storage 71a (right of Rg. 7), th^e is a Uade 
housing 71 b for storing the ends of the pair of blades 73 
so as to be movable badi and forca 
[D048] The cam mechanism storage 71a has the 
inner diameter sGghtly laiger than the outer d^uneter of 
the spur gear 2. The central shaft 5 is provided upright 



at that 



m of the cam mechanism storage 71a. Fur- 
ther, the cam apparatus 4 is insiaDed in the cam mech- 
anism storage 71a so that the spur gear 2 is rotatively 
supported ty the central shaft 5 by fitting the shaft hole 
21 of the spur gear 2 on the central shaft 5. 
[0049] The blade housing 71b has the wicfih slightly 
larger than the width of the blade 73. Accordingly, the 
body ends of the pair of the blades 73 pOed up to the 
other can be stored to dde back and force. 
[0O5O] Each Uade 73 has a (X)nnecting shafi 73a 
which is protruded in the direction opposite to the other 
protOAion when the lalades 73 are piled up to the other. 
As shown in Rg. 8, the spur gear 2 Is llnl«d to each 
Uade 73 through the output rod 6 by inserting each con- 
necting shaft 73a to the drcular hole 63a of the output 
rod 6 connected to the eccentric cam 3. 
[0051 ] Each the blade 73 has a hole 73b elongated 
In the lengthwtee direction at the center of width. Botts 
74 are inserted into the elongated holes 73b and fas- 
tened by nuts together with guide bars 76. Accordingly, 
it is ensured that the Uades 73 are piled vp outside the 
casing 71 and that the Uades 73 slide in the elongated 
hde in the direction oppodte to the other. 
[0052] Further, there is a driving gear storage 71c 
for storing a driving gear 75 having a diameter smaller 
than the one of the spur gear 2 at the body end of the 
cam mechanism storage 71a (left of Figs. 7, 8). Adriv- 
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torn of the driving gear storage 71c. The driving gear 75 
is supported by the driving gear support shaft 75a so as 



5 



9 



EP1025S24A1 



10 



to rotate around the driving gear Sifsport Gtaft 75a. The 
driving gear 75 has a pitch and a dameter 60 as to 
engage wHh the qsur gear 2. Aooortfingly, the driving 
niotion of the driving gear 75 is transmitted to the spur 
gear 2. The driving gear 75 rotates arourvi the driving 5 
gear support shaft 75a when the driving gear support 
shaft 75a receives the driving force of the driving unit 
(not shown). 

[0053] The cover 72 is fonned as a bottom plate 
having the same plan shape as the casing 71 . There are 10 
insertion holes 72a at four corners of the cover 72. Fur- 
ther, there are screw holes 71 d at the casing 71 where 
the insertion holes 72a con^espond to. When the cover 
72 covers the opening of the casing 71 and fastens with 
the screws 78 through the insertion holes 72a and the 15 
screw holes 71 d, the cover 72 is placed to the casing 
71. 

[0054] According to the constitution of the mowing 
machine 7. when the driving force of the driving unit is 
transmitted to the driving gear support shaft 75, the driv- 20 
Ing gear 75a abo rotates. The rotatfon of the driving 
gear 75 is transmitted to the spur gear 2 which engages 
with the driving gear 75. so that the spur gear 2 rotates 
around the central shaft 5. TTien, the eccentric cams 3 
protruded from the surface and back of the spur gear 2 zs 
at the eccentric position In the phase difference of 180 
degrees rotates around the central shaft 5 to perform 
the oank motion. Accordingty, the output rod 6 having 
the body end connecting unit 62 connected to the 
eccentric cam 3 pertomis the piston motion. Further, the so 
piled blades 73 connected to the output rod 6 through 
the connecting shafts 73a reciprocate in the direction 
opposite to the other. 

[0055] The eccentric cam 3 of the present invention 
is formed by the half blanking press processing, so that 35 
the manufacture of the cam 3 is easy as compared to 
the case that the eccentric cam is fixed to the spur gear 
2 with the screws or caulking or the case of cutting. 
TTierefore, it is very eftective to fower the manufacturing 
cost of the mowing machine 7. 4o 
[0056] Rgs. SA. 9B, 9C show a cam mechanism 
according to the second embodiment of the present 
Invention. Fig. 9A is a perspective view of tlie cam 
mechanism. Rg. 9B is a plan view thereof. Fig. 90 is a 
ooss sectional view thereof takm along the lines D. As 4S 
shown in Figs. 5A, 5B, 5C, in the cam mechanism la of 
the second embocSment, three cylindrical cam protru- 
sfons 30 are used as the cam instead of the crescent- 
shaped eccentric cams 3. The cam protrusions 30 are 
provUed In the posHlon so as to be In contact with the so 
inner surface of the body end circuiar hde 62d of the 
output rod 6. The other contfitution of the cam mecha- 
nism 1a is the same as the oonstitutfon of the cam 
mechanism 1 of the first embodment 
[0057] According to the <^n\ mechanism 1a of the 55 
second embocfiment the total cross section of the three 
cam protrusions 30 1 s smaOer than the one of the eccen- 
tric cam 3. 80 that the press pressure in the half blank- 



ing press processing can be made smaller, which 
fowers the energy cost 

[0058] As described above, the cam mechanism 1 , 
la comprises the metal spur gear 2, and the eccentric 
cam 3 (or cam protruston W) protruded ftom at least 
one of the surface and back of the spur gear 2. The 
eccentric cam is formed ty the half blanking press 
piocessing 0ine blanking), so that the eccentric cam 
has an extremely smooth ojt surface, no shear drop, no 
burr and the good cDmenstonal accuracy. Therefore, the 
eccentric cam functions sufficiently when the circumfer- 
ential surface siU^ to the Inner surface of the body end 
circular hde 62a of the output rod 6. 
[0059] Since the eccentric cam 3 is fbrmed by the 
above-descrfoed method, the materal cost and the 
pnxessing cost are made lower as compared to the 
casethatihe eccentric cam Is fixed to the gear wHh the 
screws or caulking, whidi mean that the manufacturing 
cost is lowered. 

[0060] Furth^, the shaft hole 21 is formed at the 
center of the spur gear 2. and the eccentric cam 3 oonh 
prises the inscribed surface 31 which is In8crit)ed in the 
circular focus tiaving the center and diameter so as to 
Include the shaft hde 21. and ttie concave notch 33 
which is formed by se^mrating the facing surface which 
is at the opposite side d the inscribed surface 31 from 
the shaft hde 21 by the predetemiined distance. Then, 
while the body end circular hole 62a of the output rod 6 
is fitted on the eccentric cam 3. the central shaft 5 
inserted in the shaft hde 21 of the spur gear is placed 
inside the body end drcular hole 62a. Accordingly, the 
lubricant can be filled in the space 34, so that the eocen- 
trfo cam 3 can operate smoothly, and the frequency of 
refilling the lubricant wn be made smaller. 
PKKI ] Furthermore, when the eccentric cams 3 are 
formed on both surfaces of the spur gear 2, the circular 
motion can tie converted in the rectprocating nrMion at 
txTth surfaces of the spur gear 2. Since the eccentric 
cams 3 are formed in pdnt symmetry with respM to the 
axis d the shaft hde 21, a pair of other members can 
reciprocate in the phase difference of 1 80 degrees. 
[0062] Further, the cam apparatus 4, 4a or the cam 
apparatus utilizing the cam mechanism 1 . la comprises 
the output nxJ having tfie body end drcufor hole 62a at 
one end to be fitted on the eccentric cam 3, so that the 
rotation d the ^r gear 2 can be converted into the 
reciprocating motion through the eccentric cam 3 and 
the output rod. 

[0063] Further, the mowing machine 7 comprises a 
cam apparatus 4 or 4a and a cam mechanbm 1 or la. 
so that the manufacturing cost of the mowing machine 7 
can be lowered. 

[0064] The present Invention is not limited to the 
above-descrfoed emtxxlimerTts tuit it can be versatile. 
Some d examples wiD be explained below. 
[QOSq In thefM embodiment, the eccentric cam 3 
and the central shaft 5 are positioned so that the outer 
surface d the central shaft 5 is in contact with the drcu- 
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lar locus to which the insobed surface 31 of the eo^- 
trie cam 3 is ii%cra)6d but the outer suilace of the 
central shaft 5 does not have to be in contact witii the 
circular locus unless the central shaft S is placed inside 
the (Acular locus s. 0 

[0066] In the above-described entKxfiments, the 
spur gear 2 is rotatlvely supported by the central shaft 5. 
Instead of using the central shaft S. for example, the 
outer surface of the spur gear 2 can be to be slldatde to 
the Inner surface of the ca^g 71 . Aooordingly, the inter- 10 
ference between the eccentric cam 3 and the central 
shaft 5 does not exist despite of the positjon of the 
eccentric cam 3. Then, the concave notch 33 for pre- 
venting the interference does not have Id be provided 
and the eccentric cam 3 oui be fbmied drcular, which is 
lowers the manufacturing cost 
[0067] In the present embodiments, the eccentric 
cams 3 are formed in the point symmetry (phase differ- 
ence of 180 degrees) at the top and bada of the spur 
gear 2 but the phase diff^ence can freely be chosen. 20 
[OOBB] In the present embodiments, the eccentric 
cams 3 are formed at the top and back of the spur gear 
2 but the eccentric cam 3 can l)e formed at only one sur- 
face. 

25 

Claims 

1 . A cam mechanism conprising: 

a metal gear, and so 
an eccentric cam protruded from the eccentric 
position of at least one of the surface and the 
back of said gear, characterised by: 
said eccentrfo cam being fornted by performing 
half Uanidng press processing on said gear as 
firomihe other side of said eccentric cam to be 
formed. 

2. A cam mechanism according to daim 1 , wherein 
said eccentric cam is formed at the surface and 40 
back of said gear. 



sliding ring « fitied on central shaft, and said 
sliding ring has an outer diameter so as to sfide on 
the inner airface of ^dd shaft hda 

6. A cam mechanbm according to daim 3, wherein 
said eccentric cam is formed by a plurality of cam 
protrudons inscribed in a drcular locus having a 
center and a diameter so as fo indude said shaft 
hda 

7. A cam apparatus characterised by: 

a cam mechanism comprising a metal gear 
and an eccentric cam protruded from the 
eccentric position of at least one of the surface 
and the back of said gear and being formed by 
peribrming half blanking press processing on 
said gear from the other side of said eccentric 
cam to be formed; and 

an output rod having a sliding hole at one end 
fo fit sDdably on saM eccentric cam; 
said gear being conneded to said output rod by 
fitting said diding hde on said eccentric cam. 



8. A cam apparatus according to daim 7, wherein 
eccentric cam Is formed at the surface and back of 
said gear. 

9. A cam apparatus according to claim 8, wherein said 
gear has a shaft hole at the central positfon, and 
said eccentrto cams are formed in point symmetry 
with respect to the axis of said shaft hoi a 

10. A cam apparatus according to daim 9, wherein said 
eccentric cam comprises an insaibed surface 
lnsGrit}ed In a drcular focus having a centar and a 
diameter so as to indude saki shaft hde, and a 
oon(»ye notch formed tiy separating an opposing 
surface which is the opposite sUe of said inscribed 
surface from said shaft hde by a predetermined 
distance. 



3. A cam mechanism according to daim 2, wherdn 
said gear has a shaft hole at the central position, 
and said eccentric cams are formed in point sym- 4S 
metry wHh respect to the axis of said shaft hda 

4. A cam mechanism according to daim 2. wherein 
said eccentric cam comprises an inscribed surface 
inscribed in a (Acutar \oous having a center and a so 
diameter so as to indude said shaft hole, and a 
concave notch formed by separating an oppodng 
surface which is the oppodtB side of said inscribed 
surface from said shaft hole a predetermined 
distance. ss 

5. A cam medianism according to daim 3, wherein a 
central shaft is inserted into said shaft hda and a 



11. A nrnwing rrachine charaderbed by: 

a cam mechanism comprising a metal gear 
and an eccentric cam protruded from the 
eccentric positfon of at leati one of the suriace 
and the t}ack d said gear and bdng formed ty 
performing half blanking press processing on 
said gear imr\ the other dde of said eccentric 
^un to be formed; 

an output rod having a sGding hde at one end 
tofit siklably on said eccentrte cam, to be con- 
nected to saci output rod when sakf didng hde 
Is fitted on said eccentric cam; and 
a pair of blade members having a plurality of 
mowing blades; 

said mowing t)lades Isdng piled up so as to l)e 
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sGdaUe in the lengtfwme drection: 

at least one of raid pair of the l>lade members 
being connecting to the other end of said out- 
put lod. 

5 

12. A niowing machine aocordng to daim 11, wherein 
said eccentric (»m is formed at the surface arvi 
back of said gear. 

13. A cam apparatus according to dalm 12. wherein io 
said gear has a shaft hole at the central position, 
and said eccentric cams are formed In pdnt sym- 
metry with respect to ihe axis of said shaft hole. 

14. A cam apparatus acooiding to daim 13. wherdn 75 
said eccentric cam comprises an insoibed surface 
inscribed in a drcular loos having a center and a 
diameter so as to indude »id shaft hde. and a 
concave notch ibrmed by separating an opposing 
surbce which is the opposite side of said inserted so 
suifEice 1^ said shaft hole by a predetermined 
distance. 
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